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(54) Automobile communications method and system 



(57) An automobile communication system which 
can ensure fast hand-over without putting unnecessary 
burden on mobile stations and can adequately handle 
changes in road condition is disclosed. For each of the 
radio zones (RZ1-RZ5) formed by roadside transceivers 
(TRX1-TRX5) arranged along a road (10). a plurality of 
transmission and reception frequencies fti^ri ^G^^ra 
are provided. The in -use transmission/reception fre- 



quencies in adjoining radio zones are switched at pre- 
determined timing such that they are not permitted to be 
overlapped. By switching a time slot allocated to the 
vehicle-mounted transceiver, the vehicle-mounted 
transceiver can continuously communicate with the 
roadside transceivers at the same communication fre- 
quency over the radio zones. 
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Description 

[0001 ] The present invention relates to a mobile com- 
munications system, and, more particularly, to a com- 
munication system and method for mobile units moving 
on a road. 

[0002] Recently, studies have been made on various 
ITSs (Intelligent Transport Systems) to aim at improving 
the traffic safety and efficiency, traffic environment, etc. 
To realize such an ITS, it is essential to implement infor- 
mation transmission means, which is the functional core 
of the system, i.e., an automobile communications sys- 
tem which connects between vehicle-mounted mobile 
communication devices and roadside transceivers by 
radio. 

[0003] Such an automobile communications system 
may be realized based on the existing mobile telephone 
system. One example of this automobile communica- 
tions system is provided with roadside transceivers 
deployed along a road to segment the road into consec- 
utive radio zones. Such a configuration allows continu- 
ous communication with an on-board transceiver of a 
vehicle running on the road while performing so-called 
hand-over. Each roadside transceiver is connected to a 
central station, which gathers information from vehicles 
and up-links it to a host station or gives information and 
instructions necessary for road travel to the vehicles. 
The hand-over command is usually sent from the cen- 
tral station. 

[0004] A transmission center frequency fti and a 
reception center frequency f^i are assigned to odd 
zones in the consecutive radio zones, and a transmis- 
sion center frequency ft2 and a reception center fre- 
quency f r2 are assigned to even zones. The switching of 
the frequencies is performed to prevent interference 
between adjoining radio zones. For areas which geo- 
graphically suffers intense radio wave interference, such 
as those where radio waves can reach very far. it is nec- 
essary to repeatedly assign three or more radio waves. 
[0005] According to such an automobile communica- 
tions system, when a vehicle moves from an odd radio 
zone 1 into an adjoining even radio zone 2, for example, 
the on-board transceiver should perform so-called 
hand -over by switching the opposite party from the 
roadside transceiver of the radio zone 1 to that of the 
radio zone 2. At this time, the transmission center fre- 
quency of the roadside transceiver changes from f^i to 
ft2, so that the reception center frequency of the on- 
board transceiver also changes from f,i to i^i- This 
requires that the oscillation frequency of the voltage 
controlled oscillator of the on-board transceiver should 
be switched to the center frequency necessary for syn- 
chronous detection and demodulation. At the same 
time, since the reception center frequency of the road- 
side transceiver changes from f^-i to fr2. the transmission 
center frequency of the on-board transceiver must also 
be switched from f^^ to ^^2- When the vehicle enters an 
odd radio zone 3 from the even radio zone 2. likewise, 



the oscillation frequency of the voltage controlled oscil- 
lator of the on-board transceiver should be switched 
from ft2 to fti and the transmission center frequency 
should be switched from fr2 to frv 

5 [0006] As apparent from the above, the conventional 
automobile communications system necessitates 
switching of the oscillation frequencies of the voltage 
controlled oscillator of an on-board transceiver and a 
transmission local oscillator for every hand-over opera- 

w tion of changing the radio zones. In particular, accom- 
plishing fast hand-over requires fast frequency 
switching, which increases the technical burden on an 
on-board transceiver. This results in an increased cost 
for the automobile communication system. 

15 [0007] Accordingly, it is an object of the present inven- 
tion to provide an automobile communications system 
and method which can ensure fast hand-over without 
putting unnecessary burden on mobile stations. 
[0008] It is another object of this invention to provide 

20 an automobile communications system ard method 
which can permit continuous communication over a plu- 
rality of radio zones without switching the transmission 
and reception frequencies. 

[0009] It is a further object of this invention to provide 
25 an automobile communications system and method 
which can maintain communication with an on-board 
transceiver while adequately handling changes in road 
condition. 

[001 0] To achieve the above objects, according to one 
30 aspect of this invention, there is provided an automobile 
communication method and system for on-board mobile 
station in a plurality of radio zones which are consecu- 
tively arranged along a road. Each of the radio zones 
are provided with a plurality of predetermined communi- 
35 cation frequencies. A communication frequency used in 
each of the radio zones is controlled in time division 
scheme such that simultaneous transmission at a same 
communication frequency is not permitted in adjoining 
radio zones and different time slots are allocated for 
40 communications at a same communication frequency in 
adjoining radio zones. A time slot allocated to the on- 
board mobile station is switched to continuously com- 
municate with the on-board mobile station over the radio 
zones. 

45 [0011] Since time division control is performed to 
sequentially use a plurality of communication frequen- 
cies on a time division basis so that the communication 
frequencies in use do not overlap each other in adjoin- 
ing radio zones and to allocate different time slots to 

50 communications at the same frequency over adjoining 
radio zones, the on-board transceiver can keep continu- 
ous communication over the radio zones while switching 
the time slot allocated thereto. For example, the time 
slot can be switched in such a way that communication 

55 over radio zones is always carried out at the same com- 
munication frequency. Further, even if all time slots for a 
certain frequency are occupied, continuous communi- 
cation can be maintained by switching the communica- 



3 



EP 0 984 639 A2 



4 



tion frequency in use to another frequency. 
[001 2] According to another aspect of this invention, 
there is provided an automobile connmunication method 
betvi/een an on-board mobile station and a fixed station 
system in a plurality of radio zones which are consecu- s 
tively arranged along a road. Each of the radio zones is 
provided with a plurality of predetermined communica- 
tion frequencies. A communication frequency used in 
each of the radio zones is controlled in time division 
scheme such that simultaneous transmission at a same 
communication frequency is not permitted in adjoining 
radio zones and different time slots are allocated for 
communications at a same communication frequency in 
adjoining radio zones. Continuous communication with 
the on-board mobile station is performed at a same is 
communication frequency over the radio zones. 
[0013] Since time division control is performed to 
sequentially use a plurality of communication frequen- 
cies on a time division basis so that the communication 
frequencies in use do not overlap each other over 20 
adjoining radio zones and different time slots are allo- 
cated to communications at the same frequency in a 
plurality of communication frequencies over adjoining 
radio zones, it is possible to accomplish continuous 
communication with a mobile station over a plurality of 25 
radio zones by using the same communication fre- 
quency. This can reduce the burden on the hardware on 
the mobile station side and can accomplish fast hand- 
over. Further, the burden for fast hand-over can be 
reduced by a plurality of communication frequencies in 30 
each radio zone being in a state of frequency-coher- 
ence. 

FIG. 1 is a schematic block diagram of an automo- 
bile communication system according to a first 35 
embodiment of the present invention; 

FIG- 2 is a time chart showing a time division format 
according to the first embodiment; 

40 

FIG. 3 is a block diagram illustrating the internal cir- 
cuit structure of a roadside transceiver TRX accord- 
ing to the first embodiment; 

FIG. 4 is a block diagram depicting the internal cir- 45 
cuit structure of an on-board transceiver according 
to the first embodiment; 

FIG. 5 is a simplified block diagram for explaining 
frequency coherence of the overall system accord- so 
ing to the first embodiment; 

FIG 6 is a block diagram exemplifying the internal 
structure of a control station in the system shown in 
FIG. 1; 55 

FIG. 7 is a time chart showing the time division for- 
mat of TDD scheme in an automobile communica- 



tions system according to a second embodiment of 
this invention: 

FIG. 8 is a time chart showing the time division for- 
mat of TDD scheme in an automobile communica- 
tion system according to a third embodiment of this 
invention; 

FIG- 9 is a block diagram illustrating the internal cir- 
cuit structure of a roadside transceiver TRX accord- 
ing to the second and third embodiments based on 
the TDD system; 

FIG. 10 is a block diagram illustrating the internal 
circuit structure of an on-board transceiver accord- 
ing to the second and third embodiments based on 
the TDD system; and 

FIG. 11 is a time chart showing how time division 
switching of 3 -wave frequencies is carried out by an 
automobile communication method according to a 
fourth embodiment of this invention. 

[0014] Preferred embodiments of the present inven- 
tion will now be described with reference to the accom- 
panying drawings. 

[001 5] Referring to FIG. 1 . it is assumed that a plural- 
ity of radio zones RZi, RZ2. RZ3 and so forth are con- 
secutively arranged on a road 10. each overlapping 
adjoining radio zones, and a vehicle 20 which runs on 
this road 10 has an on-board transceiver 21 . Each radio 
zone is produced by its associated roadside communi- 
cation unit 30, which is controlled by a control station 
40. It should be noted that the control station 40 may be 
a single central station which controls all the roadside 
communication units 30. or may take the form of a plu- 
rality of control stations which perform distributed con- 
trol on the roadside communication units 30. 
Alternatively, the control station 40 may be designed in 
such a manner as to implement hierarchical control on 
all the roadside communication units 30. which are sep- 
arated into some groups, with control stations, each 
controlling its associated group, and a general control 
station which performs the general control on those 
control stations. 

[0016] More specifically, the radio zones R2i. RZ2, 
RZ3 and so forth are formed in association with road- 
side transceivers TRXi. TRX2. TRX3 and so forth, and 
the control station 40 exchanges data and control sig- 
nals with the individual roadside transceivers TRX and 
sends a reference frequency signal fpEp *o the roadside 
transceivers TRXs. As will be discussed later, each 
roadside transceiver TRX generates two transmission 
reference carrier frequencies (f,i. ft2) trom the reference 
frequency signal fpEF according to a predetermined 
conversion (n/m conversion in this example), and gener- 
ates two reception reference frequencies (f^i. fra) trom 
the transmission reference carrier frequencies (ft-i. f^) 
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according to a predetermined conversion (here, n^m^ 
conversion). The predetermined conversion will be dis- 
cussed later. Each roadside transceiver TRX switches 
the transmission arxj reception frequencies of the asso- 
ciated radio zone between fti/fri ^rid ft2/fr2 'f^ accord- 
ance with timing control by the control station 40. The 
operation of this system will row be explained in more 
detail. 

[0017] As shown in FIG. 2. in each radio zone, one 
period is divided into equal 12 time sfots each of which 
is set to one channel It is therefore possible to commu- 
nicate with a maximum of 12 vehicles in a single radio 
zone. 

[001 8] In each radio zone, the transmission frequency 
Ui^\2 the reception frequency f^^ra switched 
once in a period in such a way as to differ from those of 
adjoining radio zones. More specifically, as shown in (1) 
to (3) in FIG. 2, in odd-numbered radio zones RZ^. RZ3, 
RZ5 and so forth, the transmission frequency is fti and 
the reception frequency is in the first half (channels 1 
to 6) of one period, but the transmission frequency is 
switched to fi2 and the reception frequency to f^s in the 
second half (channels 7 to 12). In even-numbered radio 
zones RZ2. RZ4, RZg and so forth, on the other hand, as 
shown in (4) to (6) in FIG. 2, while the transmission fre- 
quency is ft2 and the reception frequency is ir2 ^'rst 
half (channels 1 to 6) of one period, the transmission 
frequency is switched to fti and the reception frequency 
to fri in the second half (channels 7 to 12). Synchro- 
nously switching of the transmission and reception fre- 
quencies over all the radio zones this way prevents the 
transmission and reception frequencies of any radio 
zone from overlapping those of an adjoining radio zone. 
Such switching of the transmission and reception fre- 
quencies, which will be described specifically (see FIG. 
3), is accomplished by switching a selector in synchro- 
nism with the channel timing under control of a data 
processor of a roadside transceiver. 
[0019] A description will now be given of the channel 
allocation and transmission and reception operations in 
a case where the vehicle 20 enters the radio zone RZ2 
from the radio zone RZ^. In general, when the vehicle 

20 enters a radio zone, one unused channel in the 
twelve channels is allocated through, for example, a 
control channel or the like. If every channel is usable, 
the channel 1 is allocated when the transmission fre- 
quency of the radio zone is fti , while the channel 7 is 
allocated when the transmission frequency of the radio 
zone is ft2 In this example, it is assumed that the trans- 
mission and reception frequencies f,i/fri are used in the 
radio zone RZ^ and the channel 1 has been allocated to 
the vehicle 20. 

[0020] While the vehicle 20 is moving in the radio zone 
RZv a frequency controller in the on-tx>ard transceiver 

21 controls the oscillation frequency to f^ to do the 
coherent detection of a radio signal received from the 
roadside transceiver TRXi as will be discussed later 
(see FIG. 4). Further, the oscillation frequency fti is con- 



verted to the frequency i^^ by an n^Jm^ converter, thus 
generating a vehicle-side transmission reference car- 
rier. A modulator modulates the vehicle-side transmis- 
sion reference carrier according to transmission data, 

5 and the radio transmission signal is sent to the roadside 
transceiver TRX^ as a burst signal at the timing of the 
channel 1 . In this manner, the on -board transceiver 21 
and the roadside transceiver TRXi can communicate 
with each other over the channel 1 using the transmis- 

jo sion and reception frequencies fn/fr-j . 

[0021] When the vehicle 20 enters the even-num- 
bered radio zone RZg from the odd radio zone RZ^ in 
this situation, the opposite party of the on-board trans- 
ceiver 21 Is switched to the roadside transceiver TRX2 

15 from the roadside transceiver TRX^. Specif ically. when 
the vehicle 20 moves into the radio zone RZ2, the road- 
side transceiver TRXg allocates to the on-board trans- 
ceiver 21 the channel that uses the same transmission 
and reception frequencies fn/fri as those of the radio 

20 zone RZ^. It is assumed here that the channel 7 has 
been allocated to the on-board transceiver 21 . 
[0022] The transmission and reception frequencies in 
use are fti/ff 1 , the same as those of the radio zone RZ^ , 
wherein the transmission frequency fti has been gener- 
is aled in any roadside transceiver TRX from the reference 
frequency signal fpEF supplied from the control station 
40 according to a predetermined conversion (here, n/m 
conversion). Therefore, the transmission frequencies 
are in a frequency-coherence state. The details of fre- 

30 quency coherence will be discussed later. 

[0023] The local frequency fri to be given to a demod- 
ulator has been produced from the transmission fre- 
quency fti according to a predetermined conversion 
(nym^ conversion), and a local frequency for transmis- 

35 sion (roadside reception frequency) f^i is also produced 
in the on-board transceiver 21 from the local frequency 
for demodulation (roadside transmission frequency) fti 
using the same predetermined conversion (nj/m^ con- 
version). The use of the same predetermined conver- 

40 sion between the roadsid e transceiver and the on -board 
transceiver can set the overall system in a frequency- 
coherence state, so that the demodulators of the road- 
side transceiver TRX and the on-tx>ard transceiver 21 
can achieve extremely rapid synchronization acquisi- 

45 tion. 

[0024] The opposite party of the on-board transceiver 
21 is quickly switched to the roadside transceiver TRX2 
from the roadside transceiver TRXi '"^ manner, and 
can communicate with the on-board transceiver 21 over 

50 the channel 7 in the radio zone RZ2 using the same 
transmission and reception frequencies fti/fri Specifi- 
cally, assuming that the length of each radio zone along 
the road 10 is about 100 m and the overlapped length of 
the adjoining radio zones is about 10 m, the hand-over 

55 in a fast running state should be completed in a short 
period of several tens to several hundred milliseconds. 
As mentioned earlier, fast hand-over can be accom- 
plished by rendering the entire system in a frequency- 
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coherence state. 

10025] Even if the vehicle 20 runs on the road 10 and 
hand-over is repeated over the consecutive radio zones 
RZi. RZ2. RZ3 and so forth, the communication fre- 
quencies are always kept at the initial transmission and 5 
reception frequencies ffj/fri and only the communica- 
tion channel is switched between the channels 1 and 7 
every time hand-over takes place. The control station 40 
can control switching of the transmission and reception 
frequencies while the roadside communication unit 30 10 
can control switching of the communication channel of 
the on-board transceiver 21. Alternatively, the control 
station 40 can control both switching of the transmission 
and reception frequencies and switching of the commu- 
nication channel of the on-board transceiver 21 . is 
[0026] FIG. 3 illustrates the internal circuit of the road- 
side transceiver TRX. An antenna 101 which produces 
a radio zone is connected via a duplexer 102 to a 
demodulator and a modulator 104. The demodulator 
1 03 and modulator 1 04 are connected to a data proces- 20 
sor 105. which is connected via an interface circuit 106 
to the control station 40. In the case where the control 
station 40 is connected to the individual roadside trans- 
ceivers TRX by optical fibers, for example, the interface 
circuit 1 06 performs conversion between an optical sig- 25 
nat and an electrical signal. 

[0027] When receiving a data signal to be sent to the 
transceiver 21 of the vehicle 20 from the control station 
40. the data processor 105 of the roadside transceiver 
TRX extracts a signal to be sent by the roadside trans- 30 
ceiver TRX itself, pruduces a transmission baseband 
signal according to the signal format which has the time 
slots shown in FIG. 2. and sends the baseband signal to 
the modulator 104. When receiving a reception base- 
band signal from the demodulator 1 03, the data proces- 35 
sor 105 converts it into a signal format for transmission 
to the control station 40. and sends the converted signal 
via the interface circuit 106 to the control station 40. 
[0028] The reference frequency signal fp^p supplied 
from the control station 40 is converted by an ni/m^ 40 
converter 107 and an n2/m2 converter 108 according to 
predetermined conversions, or it is subjected to ni/m^ 
conversion and n2/m2 conversion, yielding two trans- 
mission reference carriers of frequencies fd and i^2- 
Those transmission reference carriers undergo conver- 45 
sion according to a predetermined conversion or n/mf 
conversion by n^Jrvif converters 109 and 110, yielding 
two reception reference signals of frequencies ffi and 
if2- Here, n, m. n^ and m^ are all integers. 
[0029] Each of the n^/mi converter 107, the nj/m, so 
converter 108 and the n/m, converters 109 and 110 is 
constituted by a phase-locked loop (PLL) circuit, and 
well-known PLL synthesizers may be used for the con- 
verters. In this example, the respective communication 
frequencies used in this embodiment can be obtained 55 
by setting the frequency dividing ratios (n, m) of the PLL 
synthesizers to {r\^, m^). (n^, m2) and (np m^). 
[0030] The reception reference carriers fri and fr2 are 



sent from the n^ym^ converters 109 and 1 10 to a selector 
1 1 1 which selects one of the reception reference carri- 
ers according to a select control signal from the data 
processor 105. The selected reception reference signal 
fri/fr2 has its phase adjusted by a phase shifter 112. and 
is then sent as a reception reference signal to the 
demodulator 103. The demodulator 103 performs syn- 
chronous detection of a radio received signal using the 
reception reference signal fri/fr2' yielding the reception 
baseband signal. A phase controller 113 controls the 
phase shifter 1 1 2 based on the output of the demodula- 
tor 103 in such a way that the demodulator 103 acquires 
synchronization, thereby adjusting the phase of the 
reception reference signal. 

[0031 ] The two transmission reference carriers of fre- 
quencies fji and ft2 are sent from the n^/m^ converter 
1 07 and n2/m2 converter 1 08 to a selector 1 1 4. which 
selects one of the transmission reference reference car- 
riers according to a select control signal from the data 
processor 105. The selected transmission reference 
carrier i^^/f^ is sent to the modulator 104 where it is 
modulated in accordance with the transmission base- 
ban6 signal from the data processor 105. The select 
control signals for operating the selectors 111 and 114 
are produced in accordance with control signals from 
the control station 40. 

[0032] In every roadside transceiver TRX in this sys- 
tem, as apparent from the above, the reception refer- 
ence signals fri and if2 are generated by subjecting the 
transmission reference carriers f n and f t2 to conversion 
according to a predetermined conversion or nr/m^ con- 
version. Therefore, those generated reception reference 
signals fn and if2 ^^^^ frequency-coherent between 
the roadside transceivers TRX. Any modulation scheme 
may be used in the embodiment. For example, ASK, 
BPSK and QPSK may appear adequate, which are in 
no way restrictive. 

[0033] FIG. 4 depicts the internal circuit of the on- 
lx)ard transceiver. The on board transceiver 21 commu- 
nicates with the roadside transceiver TRX via an 
antenna 201. A radio signal received by the antenna 
201 is input to a demodulator 203 via a duplexer 202. 
The demodulator 203 performs synchronous detection 
of the received radio signal, and sends the retimed data 
signal to a data processor 204. On the other hand, a 
transmission data signal from the data processor 204 is 
output to a modulator 205, which modulates the trans- 
mission reference carrier based on the transmission 
data signal and sends the resultant signal to a gate cir- 
cuit 206. The gate circuit 206 is opened or closed by a 
gate control signal from the data processor 204, gener- 
ating a burst signal at the timing that matches the signal 
format as shown in FIG. 2. and sends the burst signal to 
the duplexer 202. 

[0034] The regenerated reference carrier which is 
need for synchronous detection in the demodulator 203 
is produced by a voltage controlled oscillator ( VCO) 207 
and a control section 208. More specifically, the control 
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section 208 receives the received data signal or the out- 
put of the demodulator 203. performs a logical operation 
on the received data signal, and sends a control voltage 
V^con to the VCO 207 in such a way that the demodula- 
tor 203 acquires synchronization. The VCO 207 regen- 5 
erates the reception reference carrier of the frequency 
f,,/f,2. which matches the transmission frequency from 
the roadside transceiver TRX. in accordance with the 
control voltage VpcoN sends the reception refer- 
ence carrier to the demodulator 203. w 
[0035] The output of the VCO 207 is subjected to con- 
version according to the same predetermined conver- 
sion as used on the roadside transceiver, i.e.. n/mr 
conversion, yielding the transmission reference carrier 
of the fM^r2 which is the same as the reception refer- is 
ence frequency for demodulation in the roadside trans- 
ceiver TRX. The modulator 205 receives this 
transmission reference carrier fri/fr2 modulates it 
according to transmission data, yielding a radio trans- 
mission signal. An n/m^ converter 209. like the rt^m2 20 
converter 108 and the n^/rrXf converters 109 and 110. is 
constituted by a phase-locked loop (PLL) circuit. arxJ a 
well-known PLL synthesizer may be used for the con- 
verter. 

[0036] The data processor 204 extracts data assigned 25 
to its transceiver from the received data, and performs 
data processing on the data for display on a monitor 210 
or sends necessary information to a control section 21 1 
of the vehicle 20. The control section 21 1 controls vari- 
ous devices mounted on the vehicle 20 in accordance so 
with the received information. 

[0037] A response to the received information or 
detection signals from sensors mounted on the vehicle 
20 are sent via the control section 211 to the data proc- 
essor 204, producing transmission data. Then, a burst 35 
signal is produced at the timing of the allocated channel 
and is sent to the roadside transceiver TRX. 
[0038] As explained above, while the vehicle 20 is run- 
ning in the radio zone RZ^ . communication is carried out 
at the transmission and reception frequencies fti^n <o 
over the channel 1 under the time division control on the 
communication frequencies arxd channels as shown in 
FIG. 2. When the vehicle 20 enters the radio zone RZ2. 
communication is carried out at the transmission and 
reception frequencies fti/ffi over the channel 7. That is, 45 
from the viewpoint of the on-board transceiver 21. com- 
munication is performed over the channel 1 while the 
vehicle 20 is moving in an odd-numbered radio zone 
and it is performed over the channel 7 while the vehicle 
20 is moving in an even-numbered radio zone. In either so 
case, the transmission and reception frequencies in use 
are the initially set fn and f^ . Although the transmission 
and reception frequencies fn/fr-, are the same, the time 
division control is performed to make the transmission 
and reception frequencies different between adjoining ss 
radio zones. It is thus possible to avoid interference of 
the communication frequencies. With different frequen- 
cies, interference can be eliminated by a filter as in the 



prior art so that no problem would arise. 
[0039] Again, two transmission frequencies i^^ and \q 
are used in a time-division manner and are not transmit- 
ted simultaneously. Accordingly, the transmission power 
and its peak signal component are the same as those of 
the transmission signal in the prior art, so that the per- 
formances that are demanded of the transmitter, such 
as the transmission power and non-linear distortion 
characteristic at the operational point can be the same 
as those of the prior art. 

[0040] As frequency coherence is implemented over 
adjoining radio zones, the time required for establishing 
carrier synchronization in the demodulator 203 of the 
on-board transceiver 21 can be extremely short, result- 
ing in fast synchronization. In other words, since the 
received signal is frequency-coherent to the regener- 
ated reference carrier, the phase control by the control 
section 208 is merely needed to acquire synchroniza- 
tion, thus ensuring fast demodulation. 
[0041] Frequency coherence will be discussed more 
specifically To begin with, a plurality of frequency- 
coherent signals mean signals which are obtained 
through n/m conversion of one reference frequency sig- 
nal by a plurality of n/m converters having the same fre- 
quency dividing ratio. Even with the use of PLL 
synthesizers all having the same frequency dividing 
ratio, frequency division would cause unsettling of 
phase and would result in an error of several Hz among 
the actually obtained frequencies. With the error of such 
a level, however, the demodulator can acquire synchro- 
nization very fast by the ordinary phase control or fre- 
quency control- Therefore, the aforementioned fast 
hand-over can be achieved by putting the entire system 
on the frequency-coherence state. 
[0042] Referring to FIG. 5. the transmission reference 
frequency signals (fj that are generated in the individual 
roadside transceivers TRX are what is obtained by the 
same n/m conversion of the reference frequency fRgp 
supplied from the control station 40. Therefore, those 
transmission reference frequency signals are fre- 
quency-coherent. 

[0043] In the on-board transceiver 21 which has 
received a radio signal from the roadside transceiver 
TRX, the reception reference frequency ft is regener- 
ated from the received radio signal without frequency 
division, and is supplied to the demodulator 203. The 
reception regenerated reference signal (reception LO) 
is thus phase-locked to the received signal from the 
roadside transceiver TRX. This reception regenerated 
reference signal f, is subjected to n/m^ conversion in the 
n/m, converter 209 which has the same frequency 
dividing ratio as that of the roadside transceiver TRX. 
producing transmission reference signal (transmission 
LO) of the frequency ij. 

[0044] As seen from the demodulator 1 03 of the road- 
side transceiver TRX, therefore, the reference signal for 
demodulation is a signal of the frequency fr obtained by 
n/m^ conversion of the transmission reference fre- 
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quency f, and the signal received from the on-board 
transceiver 21 is a signal of the frequency obtained by 
n^m^ conversion of the same reception regeneration 
reference signal fj. That is. the reference signal (recep- 
tion LO) for demodulation of the demodulator 103 and 
the received signal are two signals that have been 
obtained by n/m^ conversion of the signal of the fre- 
quency ft, and they are frequency-coherent to each 
other. It is therefore possible to implement fast demodu- 
lation through mere phase control that is carried out by 
the phase shifter 112 and the phase controller 1 13. 
[0045] As apparent from the above, hand-over can be 
completed quickly by frequency-coherence in the entire 
system that comprises all the roadside transceivers 
TRXs and the on-board transceiver 21 . 
[0046] FIG. 6 shows an example of the control station 
in the system shown in FIG. 1 . Hereinafter, there will be 
described a case where the control station performs 
centralized control on the roadside transceivers TRXs. 
[0047] The control station 40 is provided with a com- 
munication controller 301 in order to exchange data and 
control signals with the individual roadside communica- 
tion units 30. In the case where the control station 40 is 
connected to the individual roadside transceivers TRXs 
by optical fibers, for example, the communication con- 
troller 301 includes an interface which performs conver- 
sion between an optical signal and an electrical signal. 
[0048] Data that is exchanged with the on-board 
transceiver 21 is processed by a data processor 302. 
and control signals are processed by a system control- 
ler 303. The system controller 303 executes control 
such as switching of the transmission and reception fre- 
quencies of each radio zone as shown in FIG. 2 by. for 
example, running a system program stored in a memory 
304. In place of the roadside communication unit 30, the 
system controller 303 of the control station 40 may con- 
trol the aforementioned switching of the communication 
channel to the on-board transceiver 21. The system 
controller 303 controls a reference frequency generator 
305 to generate the aforementioned reference fre- 
quency fREF and supplies the reference frequency fpEP 
to each roadside communication unit 30. 
[0049] Although the transmission frequency and the 
reception frequency are separate in the above- 
described embodiment, transmission and reception can 
be implemented at the same frequency in a time divi- 
sion manner as will be discussed below. This method is 
known as TDD (Time Division Duplex). 
[0050] FIG. 7 shows a TDD format according to a sec- 
ond embodiment of this invention, wherein (1) and (2) 
show frequency allocation to odd-numbered radio 
zones while (3) and (4) show frequency allocation to 
even-numbered radio zones. 

[0051] As illustrated in the figure, in each radio zone, 
one period is divided into equal 24 time slots and the 
first half channels 1 to 12 are used for roadside trans- 
mission (reception on the on-board transceiver side) 
while the second half channels 13 to 24 are used for 



roadside reception (transmission on the on-board trans- 
ceiver side). It is therefore possible to communicate with 
a maximum of 12 vehicles in a single radio zone. Fur- 
ther, in each radio zone, the communication frequency 

5 is switched between f,i and i^z three times in one period 
in such a way as to avoid overlapping of the communi- 
cation frequency over adjoining radio zones. 
[0052] More specifically, in the odd-numbered radio 
zones R2^, RZ3. RZ5 and so forth, the communication 

10 frequency fti is used in the first half (channels 1 to 6) of 
the channels 1 to 12 that are used for roadside trans- 
mission (reception on the on-board transceiver side), 
and the communication frequency is switched to 
the second half (channels 7 to 12). Likewise, the com- 

15 munication frequency fti is used again in the first half 
(channels 13 to 18) of the channels 13 to 24 that are 
used for roadside reception (transmission on the on- 
board transceiver side), and the communication fre- 
quency is switched to in the second half (channels 19 

20 to 24). 

[0053] In even-numbered radio zones RZg. R24, RZg 
and so forth, on the other hand, while the transmission 
frequency fi2 is used in the first half (channels 1 to 6) of 
the channels 1 to 12 that are used for roadside trans- 

25 mission (reception on the on-board transceiver side), 
and the transmission frequency is switched to fti in the 
second half (channels 7 to 12). Likewise, the communi- 
cation frequency it2 'S used again in the first half (chan- 
nels 13 to 18) of the channels 13 to 24 that are used for 

30 roadside reception (transmission on the on-board trans- 
ceiver side), and the communication frequency is 
switched to f,i in the second half (channels 19 to 24). 
Synchronous switching of the communication frequency 
over all the radio zones this way prevents the communi- 

35 cation frequency of any radio zone from overlapping 
that of an adjoining radio zone. 

[0054] A description will now be given of the channel 
allocation and transmission and reception operations in 
this enrtoodiment in a case where the vehicle 20 enters 

40 the radio zone RZ2 from the radio zone RZ^ Generally, 
when the vehicle 20 enters a radio zone, two channels 
in the 24 channels are allocated as transmission and 
reception channels. If every channel is usable, the 
channels 1 and 13 are allocated when the communica- 

45 tion frequency of the radio zone is f,i, while the chan- 
nels 7 and 19 are allocated when the communication 
frequency of the radio zone is i^. In this example, it is 
assumed that the communication frequency fti is used 
in the radio zone RZ^ and the channels 1 and 13 have 

50 been allocated to the vehicle 20. as shown in (1 ) and (2) 
in FIG. 7. 

[0055] While the vehicle 20 is moving in the radio zone 
RZi. the frequency controller in the on-board trans- 
ceiver 21 sets the oscillation frequency of the VCO to fn 
55 and the demodulator performs synchronous detection 
of a radio signal from the roadside transceiver TRX^ 
The data processor inputs the output of the demodula- 
tor as reception data on the channel 1 . The oscillation 
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frequency f,i of the VCO is used directly as the trans- 
mission reference carrier. That is. the modulator modu- 
lates the transmission reference carrier with 
transmission data, and the radio transmission signal is 
sent to the roadside transceiver TRXi as a burst signal 
of the timing of the channel 13. In this manner, the on- 
board transceiver 21 and the roadside transceiver TRXt 
can communicate with each other over the channels 1 
and 13 using the communication frequency ftv 
[0056] When the vehicle 20 enters the even-num- 
bered radio zone RZ2 from the odd-numbered radio 
zone RZi under this circumstance, the opposite party of 
the on -board transceiver 21 is switched to the roadside 
transceiver TRX2 from the roadside transceiver TRX^ . 
Specifically, when the vehicle 20 moves into the radio 
zone RZ2, the roadside transceiver TRXg allocates two 
channels that use the same communication frequency 
f,i as that of the radio zone RZ-)p to the on-board trans- 
ceiver 21 . It is assumed here that the channels 7 and 1 9 
have been allocated to the on-board transceiver 21 as 
shown in (3) and (4) in FIG. 7. 

[0057] The communication frequency in use is f,i , 
which is the same as that of the radio zone RZ^ . and the 
communication frequency ffi has been generated in any 
roadside transceiver TRX through n^/mi conversion of 
the reference frequency signal f ref ^^o^n the control sta- 
tion 40. Therefore, the demodulator of the on-board 
transceiver 21 can accomplish extremely fast synchro- 
nous detection as mentioned above. That is. synchro- 
nous detection can be implemented merely by the 
control on the VCO by the frequency controller. The on- 
board transceiver 21 thus communicates with the road- 
side transceiver TRXj over the channels 7 and 19 using 
the communication frequency fti . 
[0058] Even if the vehicle 20 runs on the road 10 and 
hand -over is repeated over the consecutive radio zones 
RZi, RZ2. RZ3 and so forth, the communication fre- 
quency is always kept at the initial transmission/recep- 
tion frequency fti/fri and only the communication 
channels are switched between the channels 1 and 13 
and the channels 7 and 19 every time hand-over takes 
place. Since the communication frequency is fre- 
quency-coherent over the entire system, fast hand-over 
can be achieved as mentioned earlier. 
[0059] FIG. 8 shows a TDD format according to a third 
embodiment of this invention, wherein (1) and (2) show 
frequency allocation to odd -numbered radio zones 
while (3) and (4) show frequency allocation to even- 
numbered radio zones- 

[0060] In this embodiment, one period is divided into 
equal 24 time slots, and in each radio zone, the commu- 
nication frequency is switched between f^^ and ft2 once 
in one period in such a way as to avoid overlapping of 
the communication frequency over adjoining radio 
zones. Further, the first half of the period of the same 
communication frequency is used for the roadside 
transmission (reception on the on-board transceiver) 
and the second half of that period is used for the road- 



side reception (transmission on the on-board trans- 
ceiver). 

[0061] More specif icalty, in the odd-numbered radio 
zones RZ^. RZ3, RZ5 and so forth, the communication 

5 frequency fn is used in the first half channels 1 to 12 of 
one period, and the communication frequency is 
switched to ft2 in the second half channels 13 to 24. Fur- 
ther, the first half channels 1 to 6 of the channels 1 to 12 
for which the communication frequency f^ is used are 

10 used for roadside transmission (reception on the on- 
board transceiver side), while the second half channels 
7 to 12 are used for roadside reception (transmission on 
the on-board transceiver side). Likewise, the first half 
channels 1 3 to 1 8 of the channels 1 3 to 24 for which the 

15 communication frequency ft2 is used are used for road- 
side transmission (reception on the on-board trans- 
ceiver side), while the second half channels 19 to 24 are 
used for roadside reception (transmission on the on- 
board transceiver side). 

20 [0062] In the even-numbered radio zones RZg. RZ4. 
RZg and so forth, on the other hand, the communication 
frequency ft2 is used in the first half channels 1 to 12 of 
one period, and the communication frequency is 
switched to fti in the second half channels 13 to 24. As 

25 in the odd-numbered radio zones, the first half channels 
1 to 6 of the channels 1 to 12 for which the communica- 
tion frequency ftg is used are used for roadside trans- 
mission (reception on the on-board transceiver side), 
while the second half channels 7 to 12 are used for 

30 roadside reception (transmission on the on-board trans- 
ceiver side). Likewise, the first half channels 13 to 18 of 
the channels 13 to 24 for which the communication fre- 
quency fti is used are used for roadside transmission 
(reception on the on-board transceiver side), while the 

35 second half channels 19 to 24 are used for roadside 
reception (transmission on the on-tx>ard transceiver 
side). Synchronous switching of the communication fre- 
quency over all the radio zones this way prevents the 
communication frequency of any radio zone from over- 
do lapping that of an adjoining radio zone. 

[0063] A description will now be given of the channel 
allocation and transmission and reception operations in 
this embodiment in a case where the vehicle 20 enters 
the radio zone RZ2 from the radio zone RZi, Generally, 

45 when the vehicle 20 enters a radio zone, two channels 
in the 24 channels are allocated as transmission and 
reception channels. If every channel is usable, the 
channels 1 and 7 are allocated when the communica- 
tion frequency of the radio zone is f^i, while the chan- 

50 nels 13 and 19 are allocated when the communication 
frequency of the radio zone is i^. In this example, it is 
assumed that the communication frequency fti is used 
in the radio zone RZ^ and the channels 1 and 7 have 
been allocated to the vehicle 20. as shown in (1) and (2) 

55 in FIG. 8. 

[0064] While the vehicle 20 is moving in the radio zone 
RZi, the frequency controller in the on-board trans- 
ceiver 21 sets the oscillation frequency of the VCO to fn 
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and the demodulator performs synchronous detection 
of a radio signal from the roadside transceiver TRXv 
The data processor inputs the output of the demodula- 
tor as reception data on the channel 1. The oscillation 
frequency f,i of the VCO is used directly as the trans- 5 
mission reference carrier. That is. the modulator modu- 
lates the transmission reference carrier with 
transmission data, and the radio transmission signal is 
sent to the roadside transceiver TRX^ as a burst signal 
of the timing of the channel 7. In this manner, the on- 10 
board transceiver 21 and the roadside transceiver TRX^ 
can communicate with each other over the channels 1 
and 7 using the communication frequency fti - 
[0065] When the vehicle 20 enters the even-num- 
bered radio zone RZ2 from the odd-numbered radio is 
zone RZi under this circumstance, the opposite party of 
the on-board transceiver 21 is switched to the roadside 
transceiver TRX2 from the roadside transceiver TRXv 
Specifically, when the vehicle 20 moves into the radio 
zone R22, the roadside transceiver TRX2 allocates two 20 
channel that use the same communication frequency fti 
as that of the radio zone RZip to the on-board trans- 
ceiver 21 . It is assumed here that the channels 13 and 
19 have been allocated to the on-board transceiver 21 
as shown in (3) and (4) in FIG. 8. 25 
[0066] The communication frequency in use is ftv 
which is the same as that of the radio zone RZ^ . and the 
communication frequency fti has been generated in any 
roadside transceiver TRX through ni/m^ conversion of 
the reference frequency signal fnep ^^om the control sta- 30 
tion 40, Therefore, the demodulator of the on-board 
transceiver 21 can accomplish extremely fast synchro- 
nization acquisition as mentioned above. That is, syn- 
chronous detection can be inplemented merely by the 
control on the VCO by the frequency controller. The on- 35 
board transceiver 21 thus communicates with the road- 
side transceiver TRXg over the channels 13 and 19 
using the communication frequency f ,1 . 
[0067] Even if the vehicle 20 runs on the road 1 0 and 
hand-over is repeated over the consecutive radio zones 40 
RZi, RZ2. RZ3 and so forth, the communication fre- 
quency is always kept at the initial transmission/recep- 
tion frequency f,i/fri and only the communication 
channels are switched between the channels 1 and 7 
and the channels 1 3 and 1 9 every time hand -over takes 45 
place. Since the communication frequency is fre- 
quency-coherent over the entire system, fast hand -over 
can be achieved as mentioned earlier. 
[0068] FIG. 9 illustrates the internal circuit of a TDD- 
type roadside transceiver according to the second and so 
third embodiments. To avoid the redundant description, 
similar or same reference numerals are given to those 
circuit blocks in FIG. 9, which are the same as the cor- 
responding circuits shown in FIG. 3. Since the TDD type 
roadside transceiver uses only the communication fre- ss 
quencies fti and ft2 as mentioned earlier, the n^ym^ con- 
verters 109 and 110 in FIG. 3 are unnecessary. Thus, 
the selector 1 1 1 selects either the communication fre- 



quency f^ or supplies the selected communica- 

tion frequency to the demodulator 103 via the phase 
shifter 112. The data processor 105 has a TDMA/TDD 
channel control capability, and controls the selectors 
1 1 1 and 1 1 4 according to the timing illustrated in FIG. 6 
or FIG. 7. Further, a gate circuit 115 which is used to 
produce a transmission burst signal may be controlled 
by the data processor 105. The other structure and 
operation are the same as those of the roadside trans- 
ceiver shown in FIG. 3. 

[0069] FIG. 10 illustrates the internal circuit of a TDD 
type on-board transceiver according to the second and 
third embodiments. To avoid the redundant description, 
similar or same reference numerals are given to those 
blocks in this figure which are the same as the corre- 
sponding circuits shown in FIG. 4. Because the TDD 
type on-board transceiver uses only the communication 
frequencies fti and ft2 as mentioned earlier, the np/m^ 
converter 209 in FIG, 4 becomes unnecessary. Thus, 
the reception reference frequency fti/ft2 ^^at has been 
regenerated by the VCO 207 is used directly as the 
transmission reference frequency of the modulator 205. 
The other structure and operation are the^ same as 
those of the on-board transceiver shown in FIG 4. 
[0070] Although the first embodiment has been 
described with reference to a case of using two trans- 
mission frequencies and two reception frequencies and 
the second and third embodiments have been dis- 
cussed with reference to a case of using two communi- 
cation frequencies, the number of frequencies in use 
can be increased when intense radio interference 
occurs due to the geographic conditions. With three 
communication frequencies in use, for example, four 
channels are to be allocated per frequency. In this case, 
transmission at the same frequency and in the same 
time slot does not take place over the consecutive three 
radio zones. 

[0071] FIG. 1 1 shows how time division switching of 
three frequencies is carried out according to a fourth 
embodiment of this invention. In FIG. 11. the distance 
along the road 10 is represented by the horizontal axis 
thereof and the time is r^resented by the vertical axis. 
Thus, the radio zones RZi. RZ2. RZ3 and so forth are 
arranged along the horizontal axis, and the time slots or 
channels are periodically arranged on the vertical axis. 
[0072] As shown in FIG. 11, in each radio zone, the 
transmission and reception frequencies are switched 
twice in one period in a predetermined order. Specifi- 
cally, the transmission frequencies ^u^tz^z arici the 
reception frequencies fri/fr2^r3 each radio zone are 
sequentially switched from one to another so that they 
differ from the frequencies in an adjoining radio zone. In 
the (3n+1)-th radio zones RZi. RZ4. RZ7 and so forth, 
as shown in FIG. 1 1 . the transmission and reception fre- 
quencies f,i/fri are used over the channels 1 to 4. the 
transmission and reception frequencies ft2^r2 a^© *Jsed 
over the channels 5 to 8. and the transmission and 
reception frequencies fta/frs are used over the channels 
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9 to 12 (where n is an integer equal to or greater than 0). 
In the (3n+2)-th radio zones RZ2. RZ5, RZs and so 
forth, the transmission and reception frequencies ^x2^r2 
are used over the channels 1 to 4. the transmission and 
reception frequencies ftj/frs are used over the channels 
5 to 8, and the transmission and reception frequencies 
f,i/fri are used over the channels 9 to 12. In the 
(3n+3)-th radio zones RZ3. RZ5. RZ9 and so forth, the 
transmission and reception frequencies fta/frs are used 
over the channels 1 to 4. the transmission and reception 
frequencies fti/fri are used over the channels 5 to 8, and 
the transmission and reception frequencies ftg/^ra s**® 
used over the channels 9 to 12. Synchronous switching 
of the transmission and reception frequencies over all 
the radio zones this way prevents the communication 
frequencies of any radio zone from overlapping those of 
an adjoining radio zone. 

{0073] The number of channels per period and alloca- 
tion of channels to the communication frequencies in 
each radio zone are in no way limited to those of the 
above-described fourth embodiment. Any channel 
quantity and channel allocation are possible as long as 
conditions for allocating different time slots to adjoining 
radio zones with respect to the same frequency are sat- 
isfied 

[0074] The fourth embodiment is similar to the first 
embodiment in that the transmission frequencies 
^ti^t2^t3 are generated from the reference frequency 
signal IptEP given from the control station 40 according 
to a predetermined conversion (n/m conversion) and the 
reception frequencies fri/fr2^r3 generated from 
those transmission frequencies according to a predeter- 
mined conversion (nym^ conversion) and those frequen- 
cies are in the frequency-coherence state. 
[0075] The present invention is not restricted to the 
above-described embodiments. Although the foregoing 
description of those embodiments has been given with 
reference to a case where the vehicle 20 runs fast on 
the road 10. the vehicle may move slowly or may be 
stopped on the road depending on the traffic conditions. 
The number of vehicles tends to inaease in a radio 
zone at a point where roads merge, whereas that 
number tends to decrease at a point where a road 
branches. Therefore, the number of vehicles that are 
covered by a certain communication frequency in a cer- 
tain radio zone may always vary. There is a possibility 
that a communication request may further be made by 
hand-over at the frequency for which no channel alloca- 
tion is available. The present invention can flexibly cope 
with such a case by allocating channels for another fre- 
quency. 

[0076] This will be discussed more specifically, taking 
the system of the first embodiment shown in FIG. 2 as 
an example. Suppose that the on-board transceiver 21 
has been communicating over the channel 1 of the fre- 
quency fti in an odd-numbered radio zone and has 
entered an even-numbered radio zone. In this case, the 
channel 7 of the same frequency fti of the even-num- 



bered radio zone should be allocated as described 
above, but if the channels 7 to 12 of the frequency f^ of 
the even-numbered radio zone are already used, chan- 
nels of another frequency ft2 can be allocated. 

5 [00771 When the frequency is changed at the time of 
hand-over, frequency switching is carried out by the 
VCO 207. the control section 208 and the demodulator 
203 of the on-board transceiver 21 . With the vehicle 20 
moving slowly, however, such fast frequency switching 

10 is not needed so that no problem would arise. 

[0078] In the above-described emlxxtiments. each 
roadside communication unit 30 converts the reference 
frequency signal fREP according to a predetermined 
conversion (n/m conversion) to achieve the frequency 

15 coherence of the transmission frequencies over the 
radio zones. This conversion is not restrictive, and com- 
plete frequency coherence over the radio zones can be 
achieved by generating the transmission and reception 
frequencies fti and ft2 through conversion (e.g., muttipli- 

20 cation) which does not include frequency division of the 
reference frequency signal f^EF the control station 
40. It is to be noted however that as the reception fre- 
quencies f,i and fr2 have undergone n^Vm^ conversion, 
they are in the frequency coherence state over the radio 

25 zones. 

[0079] In particular, as the TDD systems shown in 
FIGS. 7 and 8 execute transmission and reception at 
the communication frequencies fti/ft2. complete fre- 
quency coherence over the entire system can be 

30 achieved by generating the communication frequencies 
fti and ft2 through conversion (e.g.. multiplication) which 
does not irx;lude frequency division of the reference fre- 
quency signal fpiEF ^om the control station 40 or a 
phase locking circuit which involves no frequency divi- 

35 sion. For example, the ni/mi converter 107 and the 
n2/m2 converter 108 in the roadside communication unit 
shown in FIG. 9 have only to be replaced with multipliers 
of different multiplying factors. 

[0080] As described above, since time division control 

40 is performed to sequentially use a plurality of communi- 
cation frequencies on a time division basis so that the 
communication frequencies in use do not overlap each 
other over adjoining radio zones, and communication at 
the same frequency in a plurality of predetermined com- 

45 munication frequencies over adjoining radio zones is 
allocated to different time slots, an on-board mobile sta- 
tion can keep continuous communication over radio 
zones by switching the time slots from one to another. 
For example, the time slots can be switched in such a 

50 way that communication over radio zones is always car- 
ried out at the same communication frequency. Further, 
even if every time slot for a certain frequency is used, 
continuous communication can be maintained by 
switching the time slots to those for another frequency. 

55 [0081 ] Since continuous communication with a mobile 
unit over a plurality of radio zones can be ensured by 
using the same communication frequency, the burden 
on the hardware of the mobile unit can be reduced and 
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what is more, fast hand-over can be accomplished. 
[0082] Further, the burden for fast hand-over can be 
reduced by frequency coherence ot a plurality of com- 
munication frequencies in each radio zone. 
[0083] Although only four embodiments of the present s 
invention have been described herein, it should be 
apparent to those skilled in the art that the present 
invention may be embodied in many other specific 
forms without departing from the spirit or scope of the 
invention. Therefore, the present embodiments and io 
examples are to be considered as illustrative and not 
restrictive and the invention is not to be limited to the 
details given herein, but may be modified within the 
scope of the appended claims 

15 

Claims 

5. 

1 . An automobile communications method for an on- 
board mobile station (21) in a plurality of radio 
zones (RZ1-RZ5) which are consecutively arranged 20 
along a road (10). comprising the steps of: 

providing each of the radio zones with a plural- 
ity of predetermined communication frequen- 6. 
cies(ft1.ft2. fri.fti): 25 
characterized by: 

controlling a communication frequency used in 
each of the radio zones in time division scheme 
such that simultaneous transmission at a same 
communication frequency is not permitted in 30 
adjoining radio zones and different time slots 
are allocated for communications at a same 
communication frequency in adjoining radio 
zones; and 7. 
switching a time slot allocated to the on-board 35 
mobile station to continuously communicate 
with the on-board mobile station over the radio 
zones, 

2. The automobile communication method according 40 8. 
to claim 1 . wherein the time slot used for communi- 
cation with the on-board mobile station is switched 

in such a manner that communication with the on- 
board mobile station is continuously performed at a 
same communication frequency over the radio 45 
zones. 

3. The automobile communication method according 9. 
to claim 1 . wherein the time slot is switched in such 

a manner that communication with the on-board so 
mobile station is continuously performed at different 
communication frequencies over the radio zones. 

4. An automobile communications method between 

an on-board mobile station and a fixed station sys- 55 
tem in a plurality of radio zones which are consecu- 
tively arranged along a road, comprising the steps 
of: 



providing each of the radio zones with a plural- 
ity of predetermined communication frequen- 
cies: 

characterized by: 

controlling a communication frequency used in 
each of the radio zones in time division scheme 
such that simultaneous transmission at a same 
communication frequency is not permitted in 
adjoining radio zones and different time slots 
are allocated for communications at a same 
communication frequency in adjoining radio 
zones; and 

continuously communicating with the on-board 
mobile station at a same communication fre- 
quency over the radio zones. 

The automobile communication method according 
to claim 4. wherein the plurality of predetermined 
communication frequencies in each radio zone are 
generated from a single reference frequency in 
accordance with a predetermined conversion to be 
in a frequency-coherence state. 

The automobile communication method according 
to claim 4. wherein a predetermined number N (N is 
an integer equal to or greater than 2) of time slots 
are determined in one period in each of the radio 
zones, wherein one time slot is assigned' to a single 
on-board mobile station and M (1^ is an integer 
equal to or greater than 2) predetermined commu- 
nication frequencies are sequentially switched from 
one to another at a timing of every N/fs/l time slot. 

The automobile communication method according 
to claim 6, wherein the time slot allocated to the on- 
board mobile station is switched in such a way that 
the on-board mobile station uses a same communi- 
cation frequency over the plurality of radio zones. 

The automobile communication method according 
to claim 4. wherein each of the predetermined com- 
munication frequencies is used for both transmis- 
sion and reception to perform communication with 
the on-board mobile station according to 
TDMA/TDD (Time Division Multiple Access/Time 
Division Duplex) scheme. 

The automobile communication method according 
to claim 4. wherein the plurality of predetermined 
communication frequencies in each radio zone are 
generated from a single reference frequency in 
accordarTce with a predetermined conversion to be 
in a frequencyrcoherence state, wherein each of 
the predetermined communication frequencies is 
used for both transmission and reception to perform 
communication with the on-board mobile station 
according to TDMA/TDD (Time Division Multiple 
Access/Time Division Duplex) scheme. 
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10. The automobile communication method according 
to claim 4. wherein the plurality of predetermined 
communication frequencies comprises a plurality of 
different pairs of first frequencies and second fre- 
quencies, wherein the first frequencies are gener- 
ated from one reference frequency in accordance 
with a first predetermined conversion so that the 
first frequencies are in a frequency-coherence state 
over the radio zones. 

11. The automobile communication method according 
to claim 10. wherein the on-board mobile station 
generates a transmission local signal of the second 
frequency from a radio signal received from the 
fixed station system in accordance with a second 
predetermined conversion. 

12. The automobile communication method according 
to claim 1 1 . wherein the fixed station system gener- 
ates a reception local frequency from the first fre- 
quency in accordance with the second 
predetermined conversion as used by the on-board 
mobile station so that the reception local frequency 
and a radio signal received from the on-board 
mobile station are in a frequency-coherence state. 

1 3. An automobile communications system comprising: 

an on-board mobile station (21) movable on a 
road (10): 

a plurality of fixed stations (30) forming a plural- 
ity of radio zones consecutively arranged on 
the road, respectively, wherein the fixed sta- 
tions are communicable with the on-board 
mobile station using one of a plurality of prede- 
termined communication frequencies: 
characterized by: 

a control station (40) controlling communica- 
tion frequencies used by the plurality of fixed 
stations at predetermined timing In such a way 
as not to permit simultaneous transmission at a 
same communication frequency in adjoining 
radio zones. 

the plurality of fixed stations performing contin- 
uous communication with the on-board mobile 
station by allocating different time slots to com- 
munications at a same frequency in adjoining 
radio zones and switching a time slot allocated 
to the on-board mobile station. 

14. The automobile communication system according 
to claim 13. wherein the time slot allocated to the 
on-board mobile station is switched from one to 
another in such a manner that communication with 
the on-board mobile station is continuously per- 
formed at a same communication frequency over 
the radio zones. 



15. The automobile communication system according 
to claim 13. wherein each of the plurality of fixed 
stations comprises: 

5 a frequency generator (107-1 10) for generating 

the plurality of predetermined communication 
frequencies from a signal of a reference fre- 
quency inputting from the control station: 
a selector (111) for selecting one communica- 

10 tion frequency in use from the plurality of pre- 

determined communication frequencies under 
control of the control station: 
a time-division controller (105) for allocating a 
time slot to communication with the on-board 

15 mobile station at the communication frequency 

in use: and 

an interface (106) for transmission and recep- 
tion of signals to and from the control station. 

20 16. The automobile communication system according 
to claim 15, wherein each of the predetermined 
communication frequencies is used for both trans- 
mission and reception to perform communication 
with the on-board mobile station according to 

25 TDMA/TDD (Time Division (Multiple Access/Time 
Division Duplex) scheme. 

17. The automobile communication system according 
to claim 15. wherein the frequency generator gen- 

30 erates the plurality of predetermined communica- 
tion frequencies so that the predeternnined 
communication frequencies are frequency-coher- 
ent to the reference frequency wherein each of the 
predetermined communication frequencies is used 

35 for transmission and reception, and wherein the 
time-division controller performs communication 
with the on-board mobile station according to 
TDf^A/TDD (Time Division Multiple Access/Time 
Division Duplex) scheme. 

40 

18. The automobile communication system according 
to claim 15, wherein the plurality of predeternnined 
communication frequencies comprises a plurality of 
different pairs of first frequencies and second fre- 

-#5 quencies, wherein the frequency generator gener- 
ates the first frequencies from one reference 
frequency in accordance with a first predetermined 
conversion so that the first frequencies are in a fre- 
quency-coherence state. 

50 

1 9. The automobile communication method according 
to claim 18, wherein each of the fixed stations gen- 
erates a reception local frequency from the first frer 
quency in accordance with a second 

55 predetermined conversion as used by the on-board 
mobile station so that the reception local frequency 
and a radio signal received from the on-board 
mobile station are in a frequency-coherence state. 
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20. The automobile communication system according 
to claim 13. wherein the on-board mobile station 
comprises: 

frequency-in-use regenerator (203. 207-209) s 
for regenerating the communication frequency 
in use from a signal received from a fixed sta- 
tion which forms a radio zone for communica- 
tion; and 

a communication controlier (204) controlling w 
communication with the fixed station using the 
allocated time slot at the communication fre- 
quency in use. 

21. The automobile communication system according is 
to claim 20. wherein each of the plurality of prede- 
termined communication frequencies is used for 
transmission and reception, and the communica- 
tion controller carries out communication with the 
fixed station according to a TDMA/TDD scheme. 20 

22. The automobile communication system according 
to claim 20, wherein each of said plurality of prede- 
termined communication frequencies is used for 
transmission and reception frequencies. 25 

wherein the frequency-in-use regenerator 
comprises: 

a demodulator for demodulating the received 
signal, and 30 
a phase controller for performing phase control 
on a signal of an oscillation frequency based on 
an output of the demodulator such that the 
demodulator acquires synchronization; and 
wherein the communication controller carries 35 
out communication with the fixed station 
according to a TDMA/TDD scheme using the 
oscillation frequency as a transmission local 
frequency. 

40 

23. The automobile communication system according 
to claim 20. wherein the frequency-in-use regener- 
ator comprises: 

a demodulator for demodulating the received 45 
signal using an oscillation frequency, and 
a phase controller for performing phase control 
on the signal of the oscillation frequency based 
on an output of the demodulator such that the 
demodulator acquires synchronization; and so 
wherein the on-board mobile station further 
comprises: 

a converter for generating a transmission local 
frequency from the signal of the oscillation fre- 
quency in accordance with a predetermined 55 
conversion, and 

a modulator for generating a transmission sig- 
nal using the transmission local frequency. 



24. The automobile communication system according 
to claim 23. wherein the predetermined conversion 
of the converter is the same as a predetermined 
conversion for generating a reception local signal 
from a transmission frequerxy at each fixed station. 

25. A fixed station in the automobile communication 
system as recited in claim 13, comprising: 

a communication frequency generator for gen- 
erating the plurality of predetermined commu- 
nication frequencies from a signal of a 
reference frequency coming from the control 
station; 

a selector for selecting one communication fre- 
quency in use from the plurality of predeter- 
mined communication frequencies under 
control of the control station; 
a time-division controller for allocating a time 
slot to communication with the on-board mobile 
station at the communication frequency in use; 
and 

an interface for implementing transmission and 
reception of signals to and from the control sta- 
tion. 

26. The fixed station according to claim 25. wherein 
each of the plurality of predetermined communica- 
tion frequencies is used for transmission and recep- 
tion, and communication with the on-board mobile 
station is carried out according to a TDMA/TDD 
scheme. 

27. The fixed station according to claim 25, wherein 
each of the plurality of predetermined communica- 
tion frequencies is used for transmissiori and recep- 
tion, the communication frequency generator 
generates the plurality of predetermined communi- 
cation frequencies in each radio zone so that the 
predetermined communication frequencies are fre- 
quency-coherent to the reference frequency, and 
the time-division controller carries out communica- 
tion with the on-board mobile station according to a 
TDMA/TDD scheme. 

28. The fixed station according to claim 25. wherein the 
plurality of predetermined communication frequen- 
cies comprises a plurality of different pairs of a first 
frequency and a second frequency, and the com- 
munication frequency generator generates the first 
frequency from the reference frequency in accord- 
ance with a first predetermined conversion in such 
a manner that those first frequencies are in a fre- 
quency-coherence state over the plurality of radio 
zones. 

29. The fixed station according to claim 25 or 28, 
wherein the plurality of predetermined communica- 
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tion frequencies comprises a plurality of different 
pairs of a first frequency and a second frequency, 
and a reception local frequency for demodulating a 
received radio signal from the on-board mobile sta- 
tion is generated from the first frequency in accord- 
ance with a second predetermined conversion so 
that the reception local signal is frequency-coherent 
to the received radio signal from the on-board 
mobile station. 

30. An on-board radio mobile station in the automobile 
communication system as recited in claim 13. com- 
prising: 

a frequency-in-use regenerator for regenerat- 
ing the communication frequency in use from a 
signal received from a fixed station which forms 
a radio zone for communication; and 
a communication controller for communicating 
with the fixed station using the allocated time 
slot based on the communication frequency in 
use. 

31- The on-board radio mobile station according to 
claim 30. wherein each of the plurality of predeter- 
mined communication frequencies is used for trans- 
mission and reception, and the communication 
controller carries out communication with the fixed 
station according to a TDMA/TDD scheme. 

32. The on-board radio mobile station according to 
claim 30, wherein each of the plurality of predeter- 
mined communication frequencies is used for trans- 
mission and reception; 

wherein the frequency-in-use regenerator 
comprises: 

a demodulator for demodulating the received 
signal, and 

a phase controller performing phase control on 
a signal of an oscillation frequency based on an 
output of the demodulator such that the 
demodulator acquires synchronization; and 
wherein the communication controller carries 
out communication with the fixed station 
according to a TDMA/TDD scheme by using 
the oscillation frequency as a transmission 
local frequency. 

33. The on-board radio mobile station according to 
claim 30. wherein the frequency-in-use regenerator 
comprises: 

a demodulator for demodulating a received sig- 
nal of an oscillation frequency, and 
a phase controller performing phase control on 
the signal of the oscillation frequency based on 
an output of the demodulator such that the 



demodulator acquires synchronization; and 
wherein the on-board radio mobile station fur- 
ther connprises: 

a converter for generating a transmission local 
5 frequency from the signal of the oscillation fre- 

quency in accordance with a predetermined 
conversion, and 

a modulator for generating a transmission sig- 
nal using the transmission local frequency. 

10 

34. The on-board radio mobile station according to 
claim 30. wherein the predetermined conversion of 
the converter is the same as a predetermined con- 
version for generating a reception local signal from 

15 a transmission frequency at each fixed station. 

35. A control station in the automobile communication 
system as recited in claim 13. comprising: 

20 a reference frequency generator for generating 

a reference frequency signal for producing the 
plurality of predetermined communication fre- 
quencies in each fixed station; 
a communication controller for transmitting and 

25 receiving signals to and from the plurality of 

fixed stations; and 

a system controller controlling communication 
frequencies in use by the plurality of fixed sta- 
tions at predetermined timing in such a way as 
30 not to permit simultaneous transmission at a 

same communication frequency in adjoining 
radio zones. 
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(57) An automobile communication system which 
can ensure fast hand-over without putting unnecessary 
burden on mobile stations and can adequately handle 
changes in road condition is disclosed. For each of the 
radio zones (RZ1-RZ5) formed by roadside transceivers 
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transmission and reception frequencies i^^fir^ ^t2^r2 
are provided. The in-use transmission/reception fre- 



quencies in adjoining radio zones are switched at pre- 
determined timing such that they are not permitted to be 
overlapped. By switching a time slot allocated to the 
vehicle-mounted transceiver, the vehicle-mounted 
transceiver can continuously communicate with the 
roadside transceivers at the same communication fre- 
quency over the radio zones. 
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